FINE STRUCTURE OF MISTLETOE POLLEN VI.
SMALL-FLOWERED NEOTROPICAL LORANTHACEAE!

SYyLviIA M. FEUER? AND JoB KunTt?

ABSTRACT

Pollen of small-flowered neotropical Loranthaceae (8 genera; ca. 135 species) was examined in the
light, scanning, and transmission electron microscopes. Pollen 1s typically medium-sized and oblate.
Pollen amb is more variable than equatorial shape, ranging from trilobate deeply concave to circular.
Both 1sopolar and heteropolar pollen grains occur within the complex, the latter restricted to species
of Phthirusa and Struthanthus in which the apertures differ at each of the polar faces. Simple apertures
arranged 1n a diploaperturate configuration predominate. Such apertures range from diploporate to
diplobrevidemicolpate to diplosyn- and diploparasyndemicolpate types. Compound apertures are rare,
restricted to Oryctanthus and particular species of Cladocolea and Struthanthus. The (3-)4-5 colpate
apertures of Ixocactus are unique 1n the family. Sculpturing 1s basically uniform with sculpturing
elements ranging from perforations to shallow ridges and/or striato-rugulae. Ultrastructurally, the basic
ektexine structure 1s composed of a thin, perforate tectum, granular/columellate interstitium, and a
thick continuous foot layer usually twice as thick as the tectum plus interstitium. Pollen data suggest
two basic groupings of small-flowered genera: Group I, composed of Dendropemon, Phthirusa pro
parte, and Oryctanthus;, and Group II, containing Phthirusa pro parte, Cladocolea, Struthanthus,
Maracanthus, and Oryctina. Among Group I genera, Dendropemon 1s closely linked to Phthirusa
through the species P. pyrifolia and P. platyclada. Oryctanthus is a highly derived genus with only
remote ties to other Group I taxa. Among Group II genera, pollen data indicate a close relationship
between Cladocolea and the Mexican species of Struthanthus. Pollen characters of Ixocactus indicate
no relationship with any small-flowered neotropical genus. Rather its pollen features are closer to

those of the Eremolepidaceae and the African species of Viscum.

In a previous paper we detailed the pollen of
the large-flowered neotropical Loranthaceae
(Feuer & Kuijt, 1980). The present paper focuses
on pollen characters of the small-flowered gen-
era. Data from these two complexes will be used
to analyze pollen evolution among neotropical
Loranthaceae.

The small-flowered neotropical complex com-
prises eight genera: Struthanthus (ca. 50 spp.),
Cladocolea (ca. 25 spp.), Phthirusa (ca. 30 spp.),
Dendropemon (ca. 12 spp.), Cladocolea (ca. 25
spp.), Phthirusa (ca. 30 spp.) Dendropemon (ca.
12 spp.), Oryctanthus (10 spp.), Maracanthus (2
spp.), Oryctina (2 spp.), and Ixocactus (1 sp.).
The small flower size and generally inconspic-
uous flower color (often pale green, buff) suggest
an insect pollination mechanism, sharply con-
trasting with the large, showy bird-pollinated
flowers of most Old and other New World mis-

tletoes (Kuyt, 1969, 1981a).
In addition to having small flowers, the group

also shows a marked tendency towards unisexual
flowers and dioecism. Only three of the eight
genera exhibit strictly bisexual flowers (Oryctan-
thus, Dendropemon, Ixocactus),; two genera
(Phthirusa, Cladocolea) include some species with
strictly bisexual flowers and others with exclu-
sively unisexual flowers; three genera (Struthan-
thus excluding S. panamensis, Maracanthus,
Oryctina) demonstrate only unisexual flowers.
Small flower size, the tendency towards unisex-
ual flowers and dioecism, and an x = 8 chro-
mosome number (Barlow & Wiens, 1971) to-
gether suggest an independent evolution of this
group unlike Old World and other New World

[.oranthaceae.
MATERIALS AND METHODS

Dried flowers were collected from sheets in the
following herbarna: A, CAS, F, GH, K, LEA, MO,
NY, RB, S, SMU, U, UBC, UC, US, and UT.
Pollen was processed according to methods out-
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TaBLE 1. Summary of pollen data for small-flowered neotropical Loranthaceae.
S1ze (um) Shape
Taxon Polar Equatorial Polarity Amb P/E
Cladocolea Tieghem 13-31 23-45 1sopolar triangular to 0.64-0.70
(ca. 25 spp.) rounded oblate
convex,
rarely slight-
ly concave
Dendropemon Blume 23-46 38-56 1Isopolar triangular 0.52-0.98
(12 spp.) slightly to oblate, subob-
deeply con- late, rarely ob-
cave late spheroidal
Ixocactus Rizz.
(1 sp.)
I. hutchisonii Kuit
Cuatrecasas 23970 29.7 £ 0.13 36.4 =+ 0.14 1sopolar circular 0.82(0.74-0.87)
(F), Colombia (27.8=32)? (34.2-38.5) suboblate
Hutchison & Idrobo 284 + 0.09 32.8 =+ 0.10 1sopolar circular 0.86 (0.80-0.93)
3008 (F), Colom- (27.3-29.8) (31.1-34) suboblate
bia
Steyermark et al. 28.1 £ 0.17 37.9 £ 0.11 1sopolar circular 0.74 (0.69-0.81)
111592 (F), Vene- (26.9-30.1) (36.6-38.6) oblate
zuela
Tamayo 2526 (ILL), — — 1sopolar circular —
Venezuela
Maracanthus Kuijt
(2 spp.)
M. chlamydatus (Rizz.) Kuijt
Steyermark 99522 17.5 £ 0.28 28.9 = 0.29 1sopolar triangular to 0.60 (0.46-0.71)
(UC), Venezuela (14.4-19.9) (25.8-29.5) slightly con- oblate
vex
Oryctanthus Eichler 27-35 45-56 1Isopolar triangular 0.56-0.70
(10 spp.) rounded oblate
convex to
circular
Oryctina Tieghem
(2 spp.)
O. subaphylla Rizz.
Anderson et al. 158 £ 0.11 249 = 0.09 1sopolar triangular 0.63 (0.55-0.65)
36949 (RB), Bra- (14.3-17.8) (23.2-26.1) rounded oblate
z1l convex
Phthirusa Martius 17-39 27-51 1Isopolar; triangular to 0.60-0.77
(ca. 30 spp.) heteropo- slightly con- oblate, subob-
lar; 1sopo- cave; trilo- late, oblate
lar-hetero- bate (2 spp.) spheroidal
polar®
Struthanthus Martius 14-38 28-50 1sopolar; triangular to 0.53-0.91
(ca. 50 spp.) heteropo- rounded oblate to sub-
lar; 1sopo- convex, oblate, rarely
lar-hetero- rarely con- oblate sphe-
polar cave roidal
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TABLE 1. Continued.

Apertures

simple, compound; diplo- and synapertur-
ate (diploparasyndemicolpate, diplopara-
syndemicolporate, diplosyndemicolpate,
parasyncolpate)

simple; diploaperturate (diploporate to dip-
lobrevicolpate)

4(-5)-colpate

4-colpate
(3-)4, 5-colpate

4-colpate

syncolpate

compound(?); diploaperturate (three sagit-
tate slits at each face form the endoaper-
tures)

diplosyndemicolpate

simple; diplo-, rarely synaperturate (1 sp.)
(diplosyndemicolpate, diplodemibrevicol-
pate, diploporate, diplo-2-demicolpate,
syncolpate)

simple, compound; diplo- and synapertur-
ate (syncolpate, 3-demicolpate, diplosyn-
demicolpate, diploparasyndemicolpate,
syncolporoidate, parasyncolporoidate,
diplosyndemicolporoidate, diplosyndemi-
colporate, diploparasyndemicolporate)

Sculpturing

psilate-foveolate, low profile
striato-rugulate

psilate-imperforate polar exine:
psilate-perforate equatorial
exine

irregular bifurcating processes
and spines

irregular bifurcating processes
and spines

irregular bifurcating processes
and spines

irregular bifurcating processes
and spines

short ridges, low profile stria-
to-rugulate, perforate

psilate-imperforate

psilate, foveolate(?), perfo-
rate(?)

psilate-perforate; short furrows,
ridges; low profile striato-ru-
gulate

pronounced striato-rugulate,
tectate-perforate with low
profile rugulae; psilate-perfo-
rate to imperforate

a Populational mean followed b_y standard deviation; range 1n parentheses.

b Occurring within same population.

¢ Listed 1n order of dominant interstitial element.
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Exine Structure

granular/columellate, gran-
ularc

columellate/baculate

granular

columellate/granular

ektexinous strands travers-
Ing narrow osmiophilic
Zone

columellate/granular, colu-
mellate/baculate, colu-
mellate

granular, rarely with spo-
radic columellae
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lined in Feuer and Kuijt (1978) with the follow-
ing addition. For light microscopy, acetolyzed
pollen was mounted in glycerine jelly and pho-
tographed with a Nikon-UFX system at either
200 x or 500 x using Agfapan (ASA 25) black
and white 35 mm film developed for five minutes
at 68°F 1n Rodinal diluted 1:25. Specimens ex-
amined with the transmission electron micro-
scope (TEM) are marked with an asterisk.

Aperture terms used in the present paper are
briefly defined followed by a listing of all aperture
types occurring among the small-flowered gen-
era. The term: 1) demi- 1s used to describe a pair
of apertures running perpendicularly to the equa-
tor but not confluent, thus appearing as 1f each
set of apertures were derived by equatorial con-
striction and subsequent splitting; 2) diplo- 1s
used to denote two sets of apertures (in these
cases usually three to a set), each set restricted
to a polar face and not continuous across the
equator; 3) syn-is used to denote apertures fusing
at the pole; and 4) parasyn- refers to apertures
bifurcating at the pole, the bifurcations isolating
a portion of exine at the center of the polar face.
The following aperture combinations occur with-
in the small-flowered complex: syncolpate (e.g.,
Figs. 83, 84), parasyncolpate (e.g., Figs. 68-71),
diplosyndemicolpate (e.g., Fig. 74), diplopara-
syndemicolpate (e.g., Figs. 74-77), 2- and 3-
demicolpate (e.g., Fig. 78), and compound vari-
ations (-colporoidate and colporate) of these same
types, as well as diploporate (e.g., Figs. 25-29),
diplobrevidemicolpate (e.g., Figs. 1, 52) and 3-
4-5 colpate (e.g., Figs. 99, 100).

Pollen characters of the small-flowered genera
are summarized in Table 1.

GENERIC POLLEN DESCRIPTIONS

Cladocolea Tieghem (Figs. 5-11, 68, 69, 72, 73,
87-89).
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TYPE 1

Exomorphology: radial symmetry, isopolar.
Shape: amb triangular concave;, oblate. Aper-
tures: diplosyndemicolpi; colp1 broad, of uni-
form width, with granular membranes. Sculp-
turing: short ridges to low profile striato-rugulae.
Exine equatorially thickened near apertures.

Species and specimens examined: Cladocolea
inconspicua (Benth.) Kunyt, Gentry 7056 (F),
Mexico (Sinaloa).

TYPE 11

Exomorphology: radial symmetry, isopolar.
Shape: amb triangular to rounded convex; ob-
late. Apertures: diploparasyndemicolpori; ec-
toapertures shallow colpi delimiting a prominent
round or triangular apocolpium; endoapertures
ranging from U-shaped to elliptical slits to large
circular subsurface thinnings lying perpendicular
to and in midregion of colpi on polar faces.
Sculpturing: psilate-foveolate to shallow striato-
rugulate. Equatorial exine thickened near aper-
tures.

Species and specimens examined: Cladocolea
andrieuxii Tieghem, Pringle 10244 (SMU), Mex-
ico (Oaxaca); C. loniceroides (Tieghem) Kuijt,
Hinton 3796 (UC), Mexico (Mexico), Hinton
10500 (GH), Mexico (Guerrero); C. microphylla
(H.B.K.) Kut, *Pringle 4369 (UC), Mexico (Ja-
l1sco).

TYPE 111

Exomorphology: radial symmetry, 1sopolar.
Shape: amb triangular to slightly rounded con-
vex: oblate. Apertures: parasyncolpi; colpi de-
limiting a small apocolpium. Sculpturing: psi-
late-foveolate to shallow striato-rugulate. Exine
evenly thickened at equator.

Species and specimens examined: Cladocolea

—

FiGURES 1-24. Polar views of Phthirusa spp. (1-3), Maracanthus chlamydatus Rizz. (4), Cladocolea spp. (5-
11), Oryctina subaphylla Rizz. (17), and Struthanthus spp. (12-16, 18-24). All light micrographs, x 700.—1. P.
lepidobotrys Eichler, Jamaica.—2. P. retroflexa (Ruiz & Pavon) Kuijt, Nee & Hansen 14038 (F), Panama. Polar
face with protruding colpal margins.—3. P. retroflexa (Ruiz & Pavon) Kuijt, Nee & Hansen 14038 (F), Panama.
Opposite polar face of same grain.—4. Focal plane slightly below apocolpial exine.—5. C. inconspicua (Benth.)
Kuijt.—6. C. pringlei Kuijt, Pringle 4697 (UC), Mexico.—7. C. andrieuxii Teighem. Focal plane at the level of
the endoapertures.—8. C. andrieuxii Tieghem. Focal plane at the equator. Note prominently thickened exine
at the apertures.—9. C. microphylla (H.B.K.) Kuijt. Grain with U-shaped endoapertures.— 10. C. microphylla
(H.B.K.) Kuijt. Grain with elliptical endoapertures.—11. C. loniceroides (Tieghem) Kuit, Hinton 10500 (GH),
Mexico.—12. S. densiflorus Standley.—13. S. leptostachyus (H.B.K.) G. Don, Skutch 2618 (A), Costa Rica.
Grain with barely discernible endoapertures.—14. S. costaricensis Standley.—15. S. palmeri Kuijt.—16. S.
belizensis Lundell.— 17. Focal plane at apocolpium.—18. S. oerstedii Standley, Barlow 1443 (UC), Costa Rica.—
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19. S. panamensis (Rizz.) Barlow & Wiens, Davidson 431 (MO), Panama.—20. §. concinnus Martius.—21. §.
uraguensis (Hook. f. & Arnell) G. Don, Hatschbach 17641 (UC), Brazil.—22. S. uraguensis var. brevipedunculata
Chodat & Hassler.—23. S. vulgaris Martius. Focal plane at the apocolpium.—24. S. vulgaris Martius. Focal

plane at the equator.
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glauca Kunt, Boryset al. 6 (LEA), Mexico (Pueb-
la); C. grahamii (Benth.) Tieghem, Hinton 10149
(GH), Mexico (Oaxaca), Pringle 6987 (F), Mex-
1ico (Mexico); C. harlingii Kuyt, *Harling 6094
(S), Ecuador, Wiens 3781 (LEA, UT), Ecuador,
Wiens 3800 (UT), Ecuador; C. pringlei Kuijt,
Breckon & Breckon 803 (GH), Mexico (Oaxaca),
Conzatti 1899 (F), Mexico (Oaxaca), Pringle 4697
(UC), Mexico (Oaxaca).

TYPE IV

Exomorphology: radial symmetry, isopolar.
Shape: amb triangular; oblate. Apertures: diplo-
syndemicolpi. Sculpturing: short ridges to low
profile rugulae. Polar faces exhibiting central cir-
cular thickening; equatonal exine evenly thick-
ened.

Species and specimens examined: Cladocolea
oligantha (Standley & Steyerm.) Kuijt, R:ze-
dowski 22674 (CAS), Mexico (Guerrero).

Endomorphology: ektexine and endexine pres-
ent. Ektexine organized into tectum, intersti-
tium, and foot layer. Tectum evenly thickened,
occasionally foveolate, rarely perforate. Intersti-
tium narrow, typically sparse and finely granu-
late with short, 1rregularly shaped columellae
sometimes present; in C. harlingii interstitium
characterized by short projections pendent from
tectum or projecting upwards from foot layer,
these 1ntercalated between horizontally coalesc-
Ing ektexinous strands. Foot layer with typically
smooth upper surface and shallowly scalloped
lower edge. Endexine absent 1n interapertural
equatornial regions, present in central regions of
polar faces and regions adjacent to colpi; polar
endexine bistratified with upper zone adjacent to
foot layer characterized by numerous osmio-
philic channels, basal zone slightly thicker, ho-
mogeneous; endexine near apertures 1rregularly
thickened, disrupted by numerous small gaps;
apertural endexine thin, disrupted, loosely or-
ganized into small lamellae or more granular
strands.

Tectum/Equatorial interstitium//Foot layer:
e,

Species and specimens examined: all species
listed under exomorphology that are marked by
an asterisk.

Dendropemon Blume (Figs. 25, 26, 29, 32, 36—
40).

Exomorphology: radial symmetry, isopolar.
Shape: amb tnangular slightly concave to trilo-
bate deeply concave; oblate to suboblate or ob-
late spheroidal. Grains diploaperturate. Aper-
tures: ranging from elliptical pores to broad
brevicolpi, typically restricted to tips of pollen
lobes and encircled by subsurface thickened ex-
ine continuous with subsurface triradiate polar
thickening, membranes disrupted. Sculpturing:
psilate imperforate at the polar faces and tips of
pollen lobes, exine minutely perforate i1n inter-
apertural equatonal areas. Exine with triradiate
thickening at polar faces and equatonally thick-
ened lobes.

Endomorphology: ektexine and endexine pres-
ent. Difterences 1n interapertural equatorial, lo-
bar equatorial, and polar ektexine organizations.
Interapertural equatorial ektexine organized into
tectum, columellate/baculate interstitium, and
foot layer. Tectum with narrow perforations. In-
terstitium exhibiting short, basally thickened
columellae interspersed among rounded baculae
pendent from tectum or extending up from foot
layer. Foot layer thick with smooth upper and
lower surfaces. Lobar equatorial ektexine orga-
nized into large irregularly shaped ektexinous
masses pendent from thick imperforate tectum.
Polar ektexine thicker than equatorial ektexine,
bistratified; upper stratum imperforate with
smooth upper surface; lower stratum signifi-
cantly thicker, upper surface slightly granular;
strata separated by a narrow, poorly defined zone
often filled with granules and occasionally bridged
by extremely narrow short columellae. Endexine
ranging from thick, continuous and coarsely
granular to thin and locally absent beneath the

— —

—

FIGURES 25-35. Comparisons between Dendropemon Blume and Phthirusa Martius (LM, SEM). 25, 26, 29,
32. Dendropemon spp. 27, 28, 30, 31, 33=-35. Phthirusa spp.—25. D. uniflorus Steud., Leonard et al. 15026
(UC), Haiti. Focal plane just below the apocolpial exine, x 500.—26. D. uniflorus Steud., Leonard et al. 15026
(UC), Haiti. Light micrograph with focal plane at equator, x 500.—27. P. platyclada Ule. Light micrograph with
focal plane just below the apocolpial exine, x 500.—28. P. pyrifolia (H.B.K.) Eichler, Greenhouse-collected Kuijt,
Costa Rica. Light micrograph with focal plane just below the apocolpial exine, x 500.—29. D. purpureus Krug
& Urban, Liogier 15253 (F), Hispaniola. Polar view, x1,330.—30. P. platyclada Ule. Polar view, x2.,000.—31.
P. pyrifolia (H.B.K.) Eichler, Greenhouse-collected Kuijt, Costa Rica. Polar view, x2.080.—32. D. constantiae
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Krug & Urban. Equatorial view, x1,400.—33. P. platyclada Ule. Equatornial view, x2,000.—34. P. pyrifolia
(H.B.K.) Eichler, Greenhouse-collected Kuijt, Costa Rica. Equatorial view, x2,100.—35. P. pyrifolia (H.B.K.)
Eichler, Greenhouse-collected Kuijt, Costa Rica. Detail of aperture. Note the symmetrical break in the aperture

membrane, x6,000.
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FIGURES 36—-41. Ultrastructural comparisons between Dendropemon Blume (36-40) and Phthirusa Martius
(41) (TEM).—36. D. bahamensis Britton. Detail of lobar exine. The ektexine (ek) i1s organized into irregularly
shaped pendent structures connected by thin strands of endexine (en), x9,000.—37. D. bahamensis Britton.
Detail of polar exine, x7,500.—38. D. pycnophyllus Krug & Urban. Detail of polar exine exhibiting well-
developed endexine, x9,750.—39. D. bahamensis Britton. Section through polar thickening (pt) and adjacent
lobe (1), x2,400.—40. D. bahamensis Britton. Detail of equatorial exine revealing columellate/baculate inter-
stitium and narrow stratum of endexine, x16,100.—41. P. platyclada Ule. Ektexine composed of sporadic,
irregularly shaped columellae and irregularly thickened foot layer, x11,000. All lines 1n micrographs equal 1
pum.
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polar faces, thinning in lobar regions present here
as thin strands connecting lower surfaces of ir-
regularly shaped ektexinous segments, typically
absent in interapertural equatorial areas, but in
some species (e.g., D. bahamensis) present as a
thin continuous stratum.

Tectum/Equatorial interstitium//Foot layer:
FER TP E

Species and specimens examined: Dendrope-
mon bahamensis Britton, *Popenoe 5 (A), Ba-
hama Is.; D. caribaeus Krug & Urban, Britton et
al. 45 (MO), West Indies (St. Thomas), Duss
2419 (GH), West Indies (Guadeloupe); D. con-
stantiae Krug & Urban, Cicero et al. 6040 (MO),
Hispaniola; D. emarginatus Steud., Correll 44095
(MO), Bahama Is., Correll & Correll 47922 (F),
Bahama Is. (Great Exuma), Smith et al. 3345
(F), Cuba; D. pauciflora Tieghem, Maxon 8761
(GH), Jamaica; D. picardiae Krug & Urban, Ek-
man H12947 (GH), Hispaniola; D. purpureus
Krug & Urban, Liogier 15253 (F), Hispaniola,
Wilson 7647 (F), Bahama Is. (Caicos Is.); D. pyc-
nophyllus Krug & Urban, *Liogier 17966 (F),
Hispaniola; D. rostratus Urban, Ekman H10199
(GH), Hispaniola; D. uniflorus Steud., Leonard
& Leonard 12470 (MOQO), Hait1 (Tortue Is.), Leon-
ard et al. 15026 (UC), Haziti.

Ixocactus Rizz. (Figs. 98—-104).

Exomorphology: radial symmetry, 1sopolar.
Shape: amb circular; oblate, suboblate rarely ob-
late spheroidal. Apertures: colpi, varying i1n
number within and among populations from (3
to) 4 to 5 colpate. Sculpturing: densely clustered
blunt-tipped spines and more 1rregularly shaped
often bifurcating segments. Exine thickest in in-
terapertural equatorial regions thinning slightly
near apertures.

Endomorphology: ektexine and endexine pres-
ent. Non-apertural ektexine exhibiting two types
of organization on same grain: Type I with bi-
stratified ektexine; upper stratum composed of
variably thick, solid, broad, frequently irregu-
larly branching segments, the branches some-
times elaborated into blunt-tipped spines; basal
stratum solid, variably thick with granular upper
and slightly scalloped lower surfaces; both strata
separated by extremely narrow, sparsely granular
interstitium; and Type II, composed of a basi-
cally single stratum of ektexine similar 1n struc-
ture to Type I resting on small, highly channeled,
loosely aggregated ektexinous segments random-
ly attached to lower surface of upper ektexine.
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Endexine, beneath Type I ektexine, solid, con-
tinuous 1rregularly thickened but, beneath Type
II, organized into loosely arranged, small 1solated
segments attached to ektexine.

Tectum/Equatorial interstitium//Foot layer:
4:1 (Type I ektexine).

Species and specimens examined: Ixocactus
hutchisonii Kunyt, Cuatrecasas 23970 (F), Co-
lombia, *Hutchison & Idrobo 3008 (F), Colom-
bia, Steyermark et al. 111592 (F), Venezuela,
Tamayo 2526 (ILL), Venezuela.

Maracanthus Kuijt (Figs. 4, 50, 53, 67).

Exomorphology: radial symmetry, 1sopolar.
Shape: amb trnnangular to slightly convex; oblate.
Apertures: syncolpi; colp1 narrow, shallow,
slightly broader on the polar faces, narrowing at
the equator. Sculpturing: short ridges, low profile
striato-rugulae, exine foveolate and perforate,
these most common 1n interapertural equatonal
areas; polar faces psilate, imperforate. Exine
thickened 1n a circular configuration directly at
the center of the polar faces.

Endomorphology: ektexine and endexine pres-
ent. Slight structural differences between equa-
torial and polar ektexine. Equatorial ektexine or-
ganized into tectum, columellate/granular
interstitium, and foot layer. Tectum evenly
thickened, foveolate, perforate, and channeled,
the latter thin and not continuous through tec-
tum. Interstitium clearly defined, composed of
irregularly thickened columellae interspersed
among baculae and baculae-like structures, the
latter pendent from the tectum and surrounded
by a finely granular matrix. Foot layer discon-
tinuous in small localized areas, extremely thick,
with a smooth upper surface and sporadically
scalloped lower edge. Polar ektexine thinner than
equatorial ektexine, organized into a thick, rarely
perforate or foveolate tectum and poorly delim-
ited, predominantly granular interstitium exhib-
iting a few short, irregularly thickened columel-
lae. Foot layer thinner than that in equatonal
areas, irregularly thickened, highly scalloped
lower edge. Endexine present at the polar faces
and beneath apertures but typically absent in
equatorial areas though sometimes filling the
small gaps in lower edge of foot layer.

Tectum/Equatorial interstitium//Foot layer:
}r 2,

Species and specimens examined: Maracan-
thus chlamydatus (Rizz.) Kuijt, *Steyermark
99522 (UC), Venezuela.
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Oryctanthus Eichler (Figs. 42-49).

Exomorphology: radial symmetry, isopolar.
Shape: amb circular; polar face characterized by
three circular depressions each bounded by a nar-
row, raised rounded ridge, the ridges confluent
at the center of the polar face forming a triradiate
configuration; equatorial ridge also present; ob-
late. Grains compound diploaperturate. Aper-
tures: ectoaperture a short, elliptical colpus; en-
doaperture a sagittate opening; apertures placed
1 20°apart at the tips of the triradiate central ridge

and between the ndges which encircle each of

the polar depressions. Sculpturing: psilate, 1im-
perforate with loosely granular exine occasion-
ally present 1n depressed circular polar areas. Ex-
ine thickened in equatorial areas aligned with
apertures and 1n the center of each of the three
circular polar depressions.

Endomorphology: ektexine and endexine pres-
ent. Ektexine typically bistratified, organized into
upper and lower solid strata separated by a nar-
row, highly undulate, osmiophilic layer; strata
connected by numerous, sporadic, extremely
short strands of ektexine; equatonal ridges formed
by the outward looping and subsequent appres-
sion or fusion of the bistratified ektexine: ektex-
Inous strata at the base of the polar depressions
separated by a broad, coarsely granular zone, the

upper stratum giving rise to a thin network of

fine, randomly anastomosing granules. Endexine
not continuous around grain, absent beneath po-
lar depressions but prominent and irregularly
thickened directly beneath equatonal ridges, thin
and locally discontinuous 1n nondepressed polar
areas; apertural endexine thin, loosely granular.

Tectum/Equatorial interstitium//Foot layer:
g 4

Species and specimens examined: Oryctanthus
alveolatus (H.B.K.) Kuyt, Steyvermark 87665
(GH), Venezuela; O. asplundii Kuiyt, Prance et
al. 7284 (UT), Brazil; O. cordifolius (Presl) Ur-
ban, Fryxell 683a (UT), Mexico, *Kuijt 2571
(UBC), Costa Rica; O. florulentus (Rich.) Urban,
Broadway 681 (GH), French Guiana, Wiens 3741
(UT), Ecuador; O. occidentalis (L.) Eichler, Kuijt
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2440 (UBC), Costa Rica; O. phanerolomus
(Standley) Kunyt, Gentle 1405 (GH), British Hon-
duras; O. spicatus (Jacq.) Eichler, *Killip & Smith
16807 (GH), Colombia.

Oryctina Tieghem (Fig. 17).

Exomorphology: radial symmetry, isopolar.
Shape: amb tnangular slightly convex; oblate.
Apertures: diplosyndemicolpi; colpal mem-
branes slightly disrupted on polar faces ap-
proaching equator, demicolp1 separated by ex-
tremely narrow bridge of exine at equator.
Sculpturing: psilate, foveolate and perforate(?).
Exine evenly thickened at equator, slightly thick-
er along colpal margins at centers of polar faces.

Endomorphology: not examined.
Species and specimens examined: Oryctina

subaphylla Rizz., Anderson, Stieber & Kirkbride
36949 (RB), Brazil.

Phthirusa Martius (Figs. 1-3, 27, 28, 30, 31, 33—
35, 41, 51, 52, 54-56).

€Y PE]

Exomorphology: similar to Dendropemon spp.
with Phthirusa species differing by smaller grain
S1Ze€.

Endomorphology: similar to that of Dendro-
pemon spp., particularly D. bahamensis.

Tectum/Equatorial interstitium//Foot layer:

12150,

Species and specimens examined: Phthirusa
pyrifolia (H.B.K.) Eichler, Croat 18038 (LEA),
Peru, Revilla 2173 (MO), Peru, *Greenhouse
(collected Kuijt), Costa Rica; P. platyclada Ule,
*Asplund 12376 (S), Peru.

ITYPE 1l

Exomorphology: radial symmetry, 1so- and/or
heteropolar. Shape: amb triangular to shightly
concave, oblate to suboblate. Differences 1n po-
larity, aperture types and sculpturing distinguish
the following subtypes:

Subtype A. Grains 1sopolar. Apertures: dip-

w—

FIGURES 42-49. Oryctanthus Eichler. 42, 43. O. spicatus (Jacq.) Eichler. 44-49. O. cordifolius (Presl) Urban,
Kuiyt 2571 (UBC), Costa Rica.—42. Light micrograph (LM) with focal plane at the level of the triradiate polar
thickening revealing three sagittate apertures, X 500.—43. LM with focal plane at the equator clearly revealing
central polar thickenings in each of the polar depressions (arrowhead), x500.—44. Polar view. The sagittate
apertures, though prominent in the LM, are barely discernible in the SEM, x1,340.—45. Oblique equatorial
view revealing equatorial ridge and raised polar thickening, x 1,535.—46. Thin section perpendicular to polar
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face through a polar depression including its central thickening (pt), an adjacent aperture (ap), and equatonal
ridge (eqr), x6,000.—47. Detail of polar exine. Narrow bands of ektexine (arrow) connect the ektexinous strata,
x 14,000.—48. Detail of polar thickening which lies at the center of each of the polar depressions. In some
species a finely granular matrix is attached to the tectum, x8,700.—49. Detail of equatornal ridge adjacent to
polar depression revealing looped appressed ektexine and thickened endexine (en), X 8,700. All lines 1n micro-

graphs equal 1 um.
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FiGURES 50-58. Comparisons between Maracanthus Kuit and Phthirusa Martius (SEM). 50, 53. Maracan-
thus chlamydatus (Rizz.) Kuijt. 51, 52, 54-58 Phthirusa spp.—50. Polar view of syncolpate grain, x1,250.—
51. P. coarctata A. C. Smith. Polar view of diplosyndemicolpate grain (Type II-A), x1,330.—=52. P. lepidobotrys
Eichler. Polar view of 3-diplodemibrevicolpate grain (Type II-B3), x1,250.—53. Oblique equatorial view,
x1.250.—54. P. micrantha Eichler. Polar view of diplosyndemicolpate grain (Type II-A), x1,500.—355. P.
magdalenae (Cham. & Schldl.) Eichler. Polar view showing protruding colpal margin of diplosyndemicolpate
grain (Type II-C1), x1,250.—56. P. ovata (Pohl) Eichler. Polar view of diplosyndemicolpate grain (Type 11-B2),
x1,250.—57. P. theloneura Eichler. Diplosyndemicolpate grain (Type II-C2). Polar view, x1,200.—358. P.

theloneura Eichler. Equatorial view, x1,200.

losyndemicolpi; colpi terminating subequatori-
ally, broadening near equator with membranes
frequently disrupted. Sculpturing: psilate, exine
perforate and foveolate, these occurring random-
ly, tending to be more numerous in equatornal
than polar areas.

Species and specimens examined: Phthirusa
coarctata A. C. Smith, Smith 2204 (U), British
Guiana: P. micrantha Eichler, Carreira 31 (RB),
Brazil, Spruce 1782 (K), Brazil, P. monetaria

Sandw., Forest Dept. #2942 (K), British Guiana;
P. sandwithii Maguire, Sandwith 1404 (K), Brit-
1sh Guiana.

Subtype B. Grains 1sopolar. Sculpturing: nu-
merous randomly arranged short furrows and
perforations frequently surrounded by low coarse
ridges. Exine bordering apertures and apocol-
pium (when present), psilate, imperforate. Dif-
ferences 1n apertures distinguish the following
species:
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B1. Apertures: syncolpia.

Species and specimens examined: Phthirusa
squamulosa Klotzsch ex Eichler, *Maguire &
Stahl 24972 (F), Surinam.

B2. Apertures: diplosyndemicolpi; colpi nar-
row becoming slightly broader near equator.

Species and specimens examined: Phthirusa
ovata (Pohl) Eichler, *Irwin et al. 7974 (UQ),
Brazil; P. rufa var. tentaculifera Rizz., Ducke 26
(RB), Brazil, *Ducke 1919 (K), Brazil.

B3. Apertures: 3-diplobrevidemicolpi; colpi
displaced entirely onto polar faces, forming large
psilate, imperforate apocolpia.

Species and specimens examined: Phthirusa
lepidobotrys Eichler, *Nichols s.n. (K), Jamaica.

Subtype C. Grains 1so- and/or heteropolar
with respect to apertures. Isopolar grains diplo-
syndemicolpate. Heteropolar grains with one po-
lar face syndemicolpate, opposite face 3-demi-
colpate, rarely 2-demicolpate, the latter through
extrusion of a colpal margin and subsequent fu-
sion with opposite colpal border. Sculpturing:
ranging from ridges to striato-rugulae on same
grain; ridges short, undulating, largely confined
to midequatorial regions; striato-rugulae 1in low
relief, largely confined to areas bordering psilate
margins of colpi. Differences 1n polarity distin-
guish the following species:

Cl. Grains 1sopolar and heteropolar within
populations.

Species and specimens examined: Phthirusa
lobaterae Ferran, Stevermark et al. 120118 (MO),
Venezuela; P. magdalenae (Cham. & Schidl.)
Eichler, * Langenheim 3101 (UC), Colombaia; P.
retroflexa (Ruiz & Pavon) Kunyt, Gentry & Berry
14667 (MO), Venezuela, *Nee & Hansen 14038
(F), Panama.

C2. GQGrains 1sopolar.
Species and specimens examined: Phthirusa

krukovii A. C. Smith, Krukoff 5938 (A), Brazil;
P. retroflexa (Ruiz & Pavon) Kunyt, *Allen 80
(MO), Colombaa; P. theloneura Eichler, *Spruce
s.n. (K), Brazil.

C3. @Grains heteropolar.

Species and specimens examined: Phthirusa
angulata Krause, Maguire & Fanshawe s.n. (K),
British Guiana; P. jamaicensis Krug & Urban,
Purdie (K), Jamaica; P. stenophylla Eichler,
Spruce 3307 (GH), Brazil.

Endomorphology: exine organization similar
to that of Maracanthus. Phthirusa species differ
in the following characters: 1) tectum ranges from
highly to rarely perforate; 2) a strictly columellate
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interstitium exists 1n several species where the
columellae, though small and sporadic, are not
associated with granular elements; and 3) con-
tinuous foot layer.

Tectum/Equatonal 1nterstitium//Foot layer:
1:1.33.

Species and specimens examined: all species
listed under exomorphology that are marked by
an asterisk.

Struthanthus Martius (Figs. 12-16, 18-24, 70,
71, 74-86, 90-97).

TYPE 1

Exomorphology: radial symmetry, grains 1so-
polar or heteropolar. Shape: amb triangular to
triangular convex; oblate, suboblate, rarely ob-
late spheroidal. Apertures: compound. Ectoap-
erture a smooth-margined colpus. Endoaperture
ranging from a small well-developed rectangular
to elliptical slit to an obscurely margined area
lying perpendicular to and in midregion of ec-
tocolpus on the polar faces. Sculpturing: psilate-
imperforate to perforate or rarely low profile
striato-rugulae. Differences 1n apertures and po-
larity distinguish the following subtypes:

Subtype A. Endoapertures well developed.

Al. Grains isopolar; diplosyndemicolporate.

Species and specimens examined: Struthan-
thus belizensis Lundell, * Lundell 6273 (SMU),
British Honduras; S. densiflorus Standley, *Moore
& Wood 3666 (UC), Mexico (Hidalgo); S. lep-
tostachyus (H.B.K.) G. Don, Mori & Kallunki
5308 (LEA), Panama; S. gquercicola (Cham. &
Schildl.) Blume, *Barlow 1429 (UT), Costa Rica,
Chrysler 5031 (F), Costa Rica, Smith A519,
11479 (F), Costa Rica; S. rotundatus Rizz., Lewis
et al. 600 (MO), Panama, Nee 10651, 14137
(MO), Panama.

A2. Grains heteropolar with respect to ap-
ertures; diploaperturate: one polar face parasyn-
demicolporate, opposite face either syndemicol-
porate or 3-demicolporate.

Species and specimens examined: Struthan-
thus dichotrianthus Eichler, *Smith 1279 (MO),
Colombia, Woytkowski 8269 (UC), Peru.

A3. QGrains 1sopolar; syncolporate.

Species and specimens examined: Struthan-
thus orbicularis (H.B.K.) Blume, Barlow 1507
(UT), Costa Rica, *Burger & Baker 10095 (F),
Costa Rica; Williams 16049 (F), Costa Rica; Or-
tiz 798 (UC), Guatemala.
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FiIGURES 59-67. Ultrastructural comparisons between Phthirusa Martius and Maracanthus Kuit (TEM). 59-
62. Phthirusa ovata (Pohl) Eichler. 63-66. Phthirusa spp. 67. Maracanthus chlamydatus (Rizz.) Kuijt.—59.
Section through equator, x4,500.—60. Section through polar thickening (pt) at the apocolpium and opposite
equatonal exine (eq), x3,200.—61. Detail of equatorial exine revealing short, sparsely distributed columellae,
x11,250.—62. Detail of apocolpial exine (ac), x6,000.—63. P. theloneura Eichler. Detail of equatorial exine,
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Subtype B. Endoapertures poorly developed
with often obscure margins.
B1. Grains 1sopolar; diplosyndemicolporoi-

date.
Species and specimens examined: Struthan-

thus escuintlensis Lundell, Matuda 4185 (A),
Mexico (Chiapas); S. leptostachyus (H.B.K.) G.
Don, Skutch 2618 (A, US), Costa Rica; S. mac-
rostachyus Lundell, Breedlove 25943 (MQO),
Mexico (Chiapas), Janzen s.n. acc. #303522 (UQO),
Mexico (Oaxaca).

B2. Grains heteropolar; diploaperturate; one
polar face parasyndemicolporoidate, opposite
face either syndemicolporoidate or demicolpo-
roidate.

Species and specimens examined: Struthan-
thus marginatus (Desr.) Blume, *Barlow 1420
(UC), Costa Rica, Thorne & Lathrop 40173 (UT),
Mexico (Chiapas).

B3. Grains heteropolar; synaperturate, one
polar face parasyncolporoidate, opposite face
syncolporoidate.

Species and specimens examined: Struthan-
thus deppeanus (Cham. & Schldl.) Blume, *Balls
4340 (A), Mexico (Veracruz).

TYPE 11

Exomorphology: radial symmetry, grains 1S0-
polar or heteropolar, rarely subisopolar. Shape:
oblate, suboblate, rarely oblate spheroidal. Ap-
ertures simple, diplo- or synaperturate, the colpi
sometimes broader 1in midregions of polar faces
narrowing at the equator. Sculpturing: psilate-
perforate and/or foveolate, rarely low profile
striato-rugulae. Differences in amb, aperture
characters, and patterns of exine thickening dis-
tinguish the following species:

Subtype A. Grains isopolar; triangular to
rounded convex; syncolpate; exine evenly thick-
ened around grain.

Species and specimens examined: Struthan-
thus costaricensis Standley, *Barlow 1402 (UC,
UT), Costa Rica; S. interruptus (H.B.K.) Blume,
Nagel 8026 (GH), Mexico (Morelos).

Subtype B. Grains 1sopolar rarely subisopo-
lar (S. cassythoides) the latter with one polar face

f—
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less rounded convex than opposite face; trian-
gular rounded convex; diploparasyndemicol-
pate; exine evenly thickened around equator but
thinning beneath colpi at periphery of polar faces.

Species and specimens examined: Struthan-
thus cassythoides Millsp. ex Standley, Gentle 1660
(UC), British Honduras; S. pal/meri Kuijt,
*LeSueur 1071 (F, GH), Mexico (Chihuahua).

Subtype C. Grains isopolar; triangular to
concave; diplosyndemicolpate; exine thinning in
midequatorial regions and beneath colpi in pe-
ripheral regions of polar faces, thickening near
apertures 1n equatorial areas and at centers of
polar faces.

Species and specimens examined: Struthan-
thus oerstedii Standley, Barlow 1443 (UC, UT),
Costa Rica, Howell 10243 (F), Costa Rica, Utley
et al. 2701 (F), Costa Rica; S. panamensis (Rizz.)
Barlow & Wiens, *Davidson 431 (MO, US), Pan-
ama, Luteyn 3786 (F), Panama.

Endomorphology: ektexine and endexine pres-
ent. Ektexine organized into tectum, intersti-
tium, and foot layer. Tectum regularly thickened,
rarely perforate. Interstitium narrow, poorly de-
fined, coarsely granular occasionally exhibiting
irregularly shaped columellae and columellae-like
structures. Foot layer continuous, with an un-
even upper surface and typically smooth lower
surface showing an occasional small gap. Endex-
ine present at polar faces and beneath apertures,
rarely present 1n interapertural areas and then
only filling gaps 1n lower edge of foot layer; polar
endexine slightly thicker than apertural endex-

ine, homogeneous.
Tectum/Equatorial interstitium//Foot layer:

1R 18

Species and specimens examined: all species
marked by an asterisk and exhibiting Types I
and II exomorphologies, excluding S. panamen-
SiS.

Endomorphology: ektexine and endexine pres-
ent. Ektexine organized into tectum, intersti-
tium, and foot layer. Tectum irregularly thick-

x11,000.—64. P. rufa var. tentaculifera Rizz., Ducke 1919 (K), Brazil. Detail of equatorial exine, x8,700.—
65. P. magdalenae (Cham. & Schldl.) Eichler. Detail of equatorial exine, x6,900.—66. P. retroflexa (Ruiz &
Pavon) Kunyt, Nee & Hanson 14038 (F), Panama. Detail of equatorial exine, x7,200.—67. Detail of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>